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(54) Method of Interconnecting Wells in Soluble Rock Strata 

The present invention relates to mining and may be employed in the formation of gallery- 
type underground caverns in soluble formations, as well as in the production of mineral 
salt by means of solution mining. 

A method is known for interconnecting wells in soluble rock strata that includes the 
practice of drilling wells, interconnecting them by hydraulic fracturing and creating 
thereafter a connecting cavity by pumping a solvent into specific fractures [1]. 

Another method is known for connecting wells in soluble rock strata, primarily rock salt, 
which is comprised of the drilling of a vertical well, equipped with a casing and a tubing, 
and of a deflected well, that has a horizontal portion of a well bore; followed by the 
moving of the bottom of the horizontal portion towards the bottom area of the vertical 
well; then the creating of a passageway from the vertical well bore in the direction of the 
horizontal portion of the deflected well and the formation of an interconnecting cavity in 
the block between the horizontal portion of the deflected well bore and the vertical well 
bore by means of pumping a solvent into one of the wells and periodically increasing the 
pressure in one of the wells [2]. 

The disadvantage of the known methods is that, for the purpose of creating an 
interconnecting passageway, the hydraulic fracturing of the bed is employed that might 
cause a well seal failure under necessary high pressure applications. 



In addition, the creation of an interconnecting cavity is time consuming due to a lack of 
control during the creation process and the necessity of creating a large cavity for the 
well connection. 

The object of this invention is to reduce the time required for interconnecting wells by 
means of reducing the dimensions of a formed cavity as well as eliminating the 
possibility of annuli seal failure. 

This object is achieved through a passageway created in the direction of the horizontal 
portion of the deflected well by means of drilling a borehole, and the forming of a 
circular interconnecting cavity, oriented in the vertical plane, by means of pumping a 
radially-directed solvent into a massif through a nozzle, fixed at the outer end of the 
tubing, positioned in the bottom of the borehole. 

In addition, the borehole is drilled at an angle of 50-60 degrees relative to the horizontal 
portion of the deflected well. 

Figure 1 shows a vertical cross-sectional view of interconnecting wells. Figure 2 is a 
cross sectional view of A- A designated in Fig.l. 

The method is practiced as follows: 

A vertical well 1 and a deflected well 2 are drilled at a predetermined distance from each 
other. The vertical well is drilled so that its lower portion extends for 1 - 2 m into the 
bottom of a salt formation 3. 

The deflected well is drilled so that its lower angled portion approaches the bottom of the 
salt formation 3 and is directed towards the vertical well bore 1. A casing 4 extending 
into the top of the salt formation 3 is positioned in both of the drilled wells. 

Thereafter, an additional horizontal portion 5 is drilled from the deflected well bore 2 
along the bottom of the salt formation 3. The drilling of the additional portion is 
continued until the bottom thereof approaches within the well bore area of the vertical 
welll. 

Upon completing the drilling of the additional horizontal portion 5 of the deflected well 
2, known geophysical methods are employed to determine the actual location of said 
portion in relation to the well bore of the vertical well 1. 

For the purpose of connecting the bottom area of the vertical well 1 with the bottom area 
of the horizontal portion 5 of the deflected well 2, a side horizontal borehole 6 is drilled 
from the vertical well bore towards the location of the horizontal portion, for example 
with a diameter of up to 100 mm, at an angle of 50 - 60 degrees to the axis of the 
horizontal portion 5 of the deflected well 2. 



The length of the drilled borehole 6 is the calculated distance from the vertical well bore 
1 to the additional horizontal portion 5 of the deflected well 2 and is determined by 
measurements of azimuthal inclination of said portion of the deflected well 2 from the 
vertical well bore 1 while drilling. 

The horizontal borehole 6 is drilled by employing the known tools for mechanical drilling 
of side branch holes from a vertical well bore with a small curvature radius, for example 
up to 3 m, in which a rock-cutting bit is connected with a drill string 8 through a section 7 
of flexible metal pipes. 

Tools for side branch hole drilling are lowered into the borehole collaring location and 
kept in a predetermined direction during the collaring and the drilling of said borehole 6 
by means of a guide apparatus 9 positioned at the end of a tubing 10. After being 
lowered into the well to the depth of the borehole collaring, the guide apparatus 9 is 
oriented by the azimuth of the borehole collaring 6 and thereafter fixed at the mouth of 
the borehole. 

After advancing the borehole 6 to a predetermined depth, the rock-cutting bit of the side 
drilling tool is replaced by a fixed or revolving nozzle that serves to radially direct a flow 
of a solvent by means of which in the bottom area of the drilled borehole a vertical 
circular cavity 1 1 is formed by pumping a solvent (fresh water) through the drill pipe 8 
and the section 7 of flexible metal pipes. 

The brine thus created is withdrawn through the openings of the guide apparatus 9 and 
circular gap between the drill string 8 and the tubing 10. 

In the process of creating a circular cavity, the pressure in the vertical well bore is 
periodically increased until it reaches a level not exceeding the minimum pressure level 
required for the hydraulic fracturing of a salt massif at the foot of the casing of said well. 

The process of forming the vertical circular cavity is continued until there is established a 
stabilized hydrodynamic connection between the wells, which is characterized by the 
even flow of brine out of the deflected well when the brine flow-out line of the vertical 
well is covered. 

The suggested method prevents the formation of large or irregular dimensional cavities in 
the location where the bottom of the vertical well interconnects with the bottom of the 
horizontal portion of the deflected well, which have a detrimental effect on the form of 
caverns, for example of a gallery-type, in the process of their creation; eliminates the 
threat of seal failure in the annular space of interconnected wells on the account of a 
dramatic drop of pressure demand for the growing of hydraulic fractures in the salt block 
that separates the wells; significant reduction of time required for well interconnection on 
account of reduction of volume of work required to form an interconnecting cavity in the 
block between the wells. 

What is claimed is; 



1 . The method of interconnecting wells in soluble material formations, primarily 
rock salt, comprising: drilling of a vertical well, equipped with a casing and a 
tubing and of a deflected well that has a horizontal portion of a well bore; moving 
of the bottom of horizontal portion of said well to the bottom area of the vertical 
well, creating of a passageway from the vertical well bore in the direction of the 
horizontal portion of the deflected well and forming in the block between the 
horizontal portion of the deflected well and the vertical well bore of an 
interconnecting cavity by pumping a solvent into one of the wells with 
periodically increasing the pressure in one of the wells, distinctive in such a way 
that with the object of reducing time for interconnecting wells by decreasing 
dimensions of the formed cavity, as well as preventing annuli seal failure, a 
passageway in the direction towards the horizontal portion of the deflected well is 
created by drilling a borehole, and a circular interconnecting cavity, oriented in a 
vertical plane, is formed by flowing a radially-directed solvent into a massif 
trough a nozzle, fixed at the outer end of the tubing, positioned in the bottom of 
said borehole. 

2. The method in claim 1 distinctive in such a way that the borehole is drilled at a 
50-60 degrees angle to the horizontal portion of the deflected well. 
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(54) CflOCOB COEAHHEHHH CKBAKHH B IUIACTAX PACTBOPHMHX 

hopoa 



Kso(5peTeHK6 othochtch k ropHowy 
neny k mokbt C«ti> McnonbsosaHo npH 
cosabhkh noAseMRUX eMxocxefl ranepeft- 
Horo T«na b pacTBopHMtix *opMaiw«x / • 5 
a raxxa xtpn AOOuve MHHepajxbttux aonen 

paCTBOp0HH6M • 

H3B6CT6H CROCO6 COGAKHeHKA CKBB- . 

xhh b rmaoxax pacTBopHfcwx nopoA,' bkjuo- 
tamutfl OypeHHO ckbsimh, hx cttoftxy 
nyTBM cosflflHHH TpetUHHu rnnpopaspwBa 
h nocneAywooe oftpaBOsaHne cpeARHttrenb- 
hob nonocTH nyTeM HarHexaHKx b yxa- 
saHtme TpcuptHu pacTBopHTanx[l J. 

H3MCT6H TdKXe CHOCOG COBflHHBHHH 

CKBaxHH b naacTax pacTBOpuMux nopoa, » 5 
npeHMymecTBaHHo xaMOHHoA cojih, bkjbo- 
vantHft Oypemie BepTHxanbHofl ckbbjoi- 
rh p oOopyAOBaHHoB o6c*ffHOfl. h paOotefi 

KOJIOH HBMM / H HanpaBJIOHHOR CKMXlflai, 

HMexwteft ropH30HTaj»>HbiB y^acTOK ctbo- ^ 

JIB, 3QABaA«HH* 3*0OR ropHSOHraiibHO- 
ro ytacTKa gtbojib k npHsaCoBHott soho 

BepTMKanbHOB CKBdJKKHbl, C03flaHH« K3 

cTBOJia sepTHxaJibHoft CKBdJKHHu b HanpaB- 
jibhhh ropBsoHTajibHoro ywacxxa HanpaB-** 
neHRoB CKB0JRHHU xanana h oOpasoBBHHe 
b uenHKe Mexny ropHsoHxeuitHMM y^acT- 

KOM KanpaBJXBHHOft CKBB3KMHU U CTBO710M 

BepTHxanbHOU ckiwchhm coeanHHTejibHofl 
nonocTB nyTBM. BaxamcH b OAHy M3 cxBa-30 



XHH pacTBopKreJtH c nepHOAireecKHM m 

BUQ10HH6M AaB/ieHHH B OflHOB H3 CKBa-: 

"HeAOCTaTKOM H3BeCTHHX cnocoOoa 
flBJlHOTCH TO, WO XUIH COSAaBKft CGOBM- 

Moro KBHana b hhx Mcnojtbayercfl rw- 
popaspMB nnacTa, npx KOTopoM MS-sa 

HB06XOAKKOCTH npHMBHOHHH BMCOKHX 

Moxex 6wtb itapyueiia repwa- 

TMIHOCTb CKB8JKKH • 

KpoMe rroro, coaAaHHe ooeAMHHTanb- 

HOB nOJIOCTH Tpe5y«T 60JIbMHX 3BTPBT 

b pa«e HH f Tax xax npouecc ee oopaso- 
BaHKB HaynpaMxeM h Ann c6obkh ckbb- 
XHR 'mobxoAKMO oOpasoBaxb nonocTb ck>nb- 
anx' pasMapoB* 

UBJIb M906paT6HHH - CHHBteHMe Bpe- 
MtRN OOfSltlMHHfl CKBBJKHH nyTBM yM6Mb- 
UeHHX pBBMBpOB OOpaSyBMOB nOJXOOTH, 

a raxxe. yoTpaHBHxa bosmoxhocth pas- 
rapMeTHBauuH aaTpyOHoro npocTpaHCT- 
sa ckiaxmh • 

IIOCTABJlBHHtt* Uem» AOCTHraOTCR TBM f 

«to xaHaji B uanpaBJieHKM ropH30HTa/ib- 
Horo yvacTxa HanpaBiiaRHOB cxBa«MHM 
co3na»T nyTBM OypeHH* bmypa, a coeAR- 
HHTeJibHOB nonocTM npHfla- r ♦opwy xpy- 

TOBOft BUpaOOTKHr .OPHBHTMpOB aHKOB 

b sapTitKajibKOft nnocxocTH, nyTeM BO 3- 
AeHOTBHB kb mbcchb paAHBJibHO HanpaB- 



JieHHKM nOTOKOM gaCTBOpHXeAR, *0PMH- 

pyeMhJM nocpeflCTBOM HacaAKH , ycxaHOB- 
iieHKofl Ha KOHue paCpttefl koaohhw Tpy6, 
paaMeiqeHHofl Ha safioe ynaaaHHoro mny- 
pa. 

KpoMe Toro, umyp 6ypnT noA yr/xoM 
50-60° k ropH30HTa/ibHOMy yuacTKy Ha- 
npasneHHOft cKBaxHHbi* 

Ha <J>Hr. 1 H3o0paaceHbi cooAHHaeMKe 

CKBaXHHH, BCPTHKMbHUft pa3pe3 J Ha 

*ar.2 - paspas A-A Ha *Mr.l. 

CnocoO ocymecTBJiHioT CAeAywtuHM oc- 
pasoM. 

npOH3BoflnT OypeHHe BepTHKajibHoft 1 
h HanpaBJieHHoft 2 ckbbjkhh Ha aaAan- 
hom paccTQHHHH APyr ot apyra. npoxoA- 

Ky BepTHKBAbKOft CKBdJKBHU OCytHeCTBAHKT 

c BarnytneHHepi Ha 1-2 m b noAoruay 
co/iHHoro nnacTa 3. 

HanpasjteHHyio cxBaxcHHy npoxOAflT Ta- 

KHM OOpa30M # MTOObJ ee HH3KHHH KpHBOAH— 

Heft Han wacTb 3axaH<iHBaAacb bGahsk no- 
aouibu coJiHHoro rmacTa 3 h 6buia Ha- 
npaa/ieHa b cTopoHy CTBOAa sepxHxajib- 
Hoft cKBaxcHHu 1. 06e cKBaxcHHu aaxpert- 
ah»tch oecaAHUMH kojioh HdMK 4, 3arAy6- 
JieHHbiMM b KpoBJuo coJiHHoro njiaqxa 3. 

, no 0KOHM3HHH HpOXOAKK H XpenJieHHH 
CKBaWHHH OficaAHMMH XOJIO H HdMK 4 H3 

cTBona HanpaBJieHHOfl cxsaxMHu 2 npo- 

XOA«T AOnOJlHHTeJlbHhJfl rOpHSOHTanbHblft 

y^taeTOK 5 baoab noAouBU coAAtioro 
njiacTa 3. BypeHHe AonoAHHTeAbHoro 
y^iacTKa BCAyT ao Tex nop, noxa ero 
saOoft He AOCTHraeT sohn cxboab Bep- 

XHXdJIbHOfi CKB3JKHKH 1. 

no 3aBepmeHHH npoxoAKM AonoA- 
HHTenbHoro ropHSOHxaAbHoro yiacTxa 5 
HdnpaBneHHOA c'xBakHHu. 2 hbboctkumh 
reo^H3HuecKKMH moxoa&mh 6npeAeA*eT~ 
ch. $aKTH<tecKoe Mecxonojio*eHHe ropn- 
soHTanbHoro yuacTxa OTHOctfreAbHO 
CTBona sepTHKajibHOR ckbaxmhu 1. 

AHR C06AHH6HHH hpHSaOOAHOfl 30HU 

BepxHKajibHoft cKBaxHHta 1 c npHsaGofl- 
Hoft 30HOR ropHsoHTanbHoro ynacTxa 5 Ha- 

npaBABHKOft CKBdJKHHbi 2 H3 CTBOJia B6p- 
XHKBAbHOft CKB&XHHbl K MftCTy pacnoAo- 
rOpM30HTaJIBHOrO CTBOJia npOXO- 

Aht OoxoBoa ropKBOHTaAbHUA tunyp 6, 
HanpHMep ah aM£T pom ao 100 mm, no a 
yrAOM 50-6 OP k och ropHsoHTaAbHoro 
yMafcTxa 5 HanpaBJieHHoa cxBamHHu 2 • 

Rnnny npoxoAHMoro amy pa 6 npHHHMa- 
*>x paBHoft paciexHOMy paccxoAHmo 

OT CTBOJia BepTKKa/TbHOft CKBajCHHU 1 

AO AonoAHHTeAbHoro ropHSOHxaAbHoro 
yvacTKa 5 HanpaaJieHHoft cxbaxhhu 2, 

KOTOpOe yCTAHaBJIMBQeTCH no flaHHHM 

saM^pos a9HMyTaAbHoro oxxjiohohhk 
yxaaaHHoro ytacxxa HanpaBAeHHoa cxBa- 

XHHfal 2 OT CTBOJia BepXHKaAbHOft CKBa— 

xHHfca 1 b npouecce npoxoAKH, ' 

npoxoAKy ropHSOHxaAbHoro mnypa 6 

OCyWeCTBJIHJOT C npHMBHOHHOM HSBeCT- 
HbZX yCTpOffCTB AJ1H M8XaHH^6CKOrO 
OypeHHH OOKOBfaUC OTB6TBA6HHD H3 

BapTHKajibHoro CTBOJia cKsa^nHbi c Ma- . 

AMM paAHyCOM KPHBH3 Hbl/ HanpHMOP AO 
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3 M f b KOTopax nopoAopaspytaaiomHR 
HaKOHeMHHK tiepes cgkuhio 7 rH6kHX Me- 

TaAAHVeCKHX T P yC COBAHHeH c CypHHb- 
HOft KOAOHHOR 8. 

Cnycx ycTpoftcTB an* GypoHMH 6oko- 

BfeJX OTBeTBA6HH« K MecTy 3a6ypHBaHHH 

wnypa h yAepmaHHn mx b aaAaHHOM Ha- 
npaB/ieHHH bo BpeMH 3a6ypnBaHHH h b 
npouecce hpoxoakh mnypa 6 ocymecTBAH- 
kyr nocpeACTBOM HanpasAHKnaero annapa- 
Ta 9, yxpeaneHHoro wa xonue paeoqeft 
koaohhu 10 HacocHO-KOMnpeccopHbix Tpy6. 
nocAe cnycxa b cxaaxHHy ao r/iyOHHu 
sa6ypHBaHHH umypa HanpaBAHKHnnft an- 
napaT 9 noc pe ac t b om HSMepMTe/ibHfaix npn- 
6opoB opneHTHpywT no a3HMyxy aaCypu- 
BaHKH mnypa 6 h 3aTeM xecTKO saxpen- 

A«0T Ha yCTbe CKBaXKHH, 

nocAe sarAyfiAeHHH wnypa 6 na saAaH- 
Hy» AHKHy nopoAopaspyiuawrnHft HaxoHe^- 
hhk ycTjpoflcTBa AJIH COKOBOrO OypeHHH 
saMeHHKT HenoABHXHOA hah BpamarotueftCH 
HacaAXOft a^ih paAHaAbHo HanpasAeHHOA 
noAann pacTBopHTeAH 9 nocpeACTBOM 
xoTopoft 8 npHaaOoftHoft sone npoOypen- 
Horo mnypa npoH3BOA*T pasMWB aepTK- 
Ka/ibHoH xpyroBOft noAOCTH 11 c noAa- 
VeH paCTBOpHTOAH <npecHoH boau) He- 
pe3 HOAOHHy 8 OypHAbHdx TpyO h cex- 

UHK) 7 rH6KHX Me.TaAAHMeCKHX Tpy6. 

Otboa oOpasyiomerocH paccona ocy- 
mecTBAHioT nepea otb epc th h HanpaBAH- 
wmero annapaTa 9 h KOAbueBOft 3asop 
Memay OypHAbHOft- KOAomioft 8 k koaoh- 
hoji 10 HacocHO-KOMnpeccopHbix Tpy6. 

B npouecce coba&hhh xpyroBOB nonoc- 

TH nepHOAH^eCKH npOHBBOAHT yBftJIHtld- 
HHe ABBA6HHH B CTBOA6 BepTHKBAbHOfl 

CKBaxcMHbi ao boahvhhu, He npeBbBiiajomefl 

MHHHMajIbHO Heo6XOAKMO» BeAHHHHM A&BAe- 

hhh rHAPopaapHBa coahhoto MaccHBa 
y CaiuMaxa oGcaAHOft koaohhu btopl 

CKB.aXHKU. 

npouecc oOpasoBaHHH BepTHKaAbHOH 
xpyroBoA noAOCTH Be Ayr ao boshhkho- 

B6HHA yCTOftttKBOfl rHAPOAHKaMHUeCKOH 
CBH3H Me«Ay COeAHHHeMblMH CKDaXHHSMH; 

xapaKTepH3ymtneftcH paBMOMepHUM M3/1H-. 
bom coAHHoro pacTBopa hs cTaojia Ha- 
npaBJieHHoft ckbakhhu npn nepexpuTHH 

pacCOAOOTBOAHmefl AHHHH BepTHKaAbHOB 
CXBaxCHHU. 

npeAnaraeMuft cnocoO no3BOA*eT o6ec- 

neHHTb AKKBHAaUMW i OOpaSOBaHHH B 
MeCT6 C06AHHOHHH SaCOH BepTHKaAbHOfl 

pxBajKKHbi c saeoeM ropHSOHxaAbHoro 
CTBOJia HanpaBAOHHofl cxBaxcHHti noAoc- 
TeH OoAbttforo oObeMa, HeonpeAenenHfaix 

paSMepOB H $OpMU, OKa3bIBaX)tHHX otph- 

uaTeAbHoe bakahho Ha CopMooOpaaoaa- 
Hne eMKOCTK, HanpHMep raAepefiHoro 
THna, a npouecce ee cosabhhh; ycT- 
panenne onacHocTH pasrepMeTHsauHH 
3aTpy5Horo npoexpaHCTaa coeAHHneMux 
CKBajRHH sa cieT pesxoro coxpameHHH 

nOTpeOHfaSC AcIBACHHA Ail* paSBMTHH a 

ueAHxe coah # pasAejiiuomeM titcBaxKHu, 
TpewHH rHAPopaspfaiaa; snaMHTeAbHoe 
yMCHbmeHHe aarpaT BpeMeMH Ha coenH- 



H6HH6 CKBBXHH 3a CWeX CHHX6HH* OCte- 

ma paOoT no padMuoy coeflHHHTejib- . 
HOft IIOAOCXR b ue/iHKe Maiwy cxBaxa- . 

H3MH • 

Qopwna H3o6peTeHHH * 

1. CnOCOC COejOMHCKHH CKBftKHH B 

nnacxax pacxBopHMux nopoA, npenMymect- 
bbhho xaMeHHoft coah, BKAitwa«4Ha. ay- 

P6HK« MpXHlCaAbHOtt CKB81HKH, 060- 10 

pyAOBaHHOft oOcaAHoft paftoneft koaoh- 
uaMH, k HanpaBneHHOfl cKBa*HHbi f HMeto- 
mett ropHSOHTam>Kuft y^acTOK cxboab, 
no^BBAeKHa »a6ox ropHaoHtaAbHoro 
yqacxna cxboab k npuaaOodKOB sotte aep-15 

THKBAbHOfi CKBaXHHU, COBflaHHC H3 CXBO- 

isa sepTHKajibHon ck bsukmhu b Hanpaa- 
jxbhhh ropKSOHTanbMoro y^acxica Ha.npaB- 
neiiHOft cKBaKHHH KaHajia m ofipaaosaHHe* 
b uemiKe Meiwy ropHapHxaAbHMM ynacx- 20 

KOM HaJipaBilCHHOft CKBaXHHfal H CTBOJIOM 
BepTHKaJtbHOfl CKBaJKMKbl COeAHHKXeJIbHOfl 

iioaocxh nyxeM aaxaHKH b oflHy hs ckbb- 
xhh pacxBopHxeA* c nepMOAMMecKHM no- 

BHLfleHHeW ABBJieHMA B OAHOft H3 CKBaJtMH, 
OTJIHUaiOtUKftCfl XeM,HXO, 



C UCJIbW CHWKeHMH BpeMeHH coejdKHeHHit 

cKsaxKH nyxeM yMeHbuteHHn pasMepoa 
oGpasyeMOft iioaocxh, a xaicze ycxpa- 

H6HHH B03MOKHOCTH pa3repM6XH3aUHH 

saTpydHoro npoc.xpaHcxaa ckbgjkhh, .na- 
H&n 8 HanpaB/ioHHH ropwsoHxajibHoro 
ytiaoTxa HanpasAeHHOft cKBaxHHN co3«a- 
k>t nyr«M 6ypeHRR mnypa, a coeAHHH- 
xejxbKOB noAoexu npwaiox <&opMy Kpy- 

rOBOfl BUpaCOTKM , OpK6HXHPOBaHHOfi B 

B«pTHKajibHoft rmocKoexK, nyxeM Bp3- 
AeBCTBHA Ha Mac era paflHajibHo-HanpaB- 
jieBKzan noxoKOM pacTBopBxaAH, $opmh- 
pyeMMM nocpeACTBOM hbcbakk, ycxanoB- 
neHHoA hb KORue paooneft koaohhh xpy6, 
pasMameHKOft Ha sa6oa yKasaHKoro tony* 
pa. 

2. Cnoco6 no n.l, o t a h h a »- 
tq h B c n tgm, hto nmyp 6ypnx noA 
yrjxoM .50-60° k ropHSOHxajibHOMy yiacx- 
xy BanpaBJieHHOft oKBaxKHii. 

1 HCXOVHHKH HHdOpMaUH^ 

npHwaxue bo BHHMaHHe npH BKc^iepxHse 

1. naxeHX OUA » 2847202, ka. 299-4 , 
onyftAKK. 1958. 

2. naxeHX CUA » 3941422, ka. 299-4, 

onyOAHK. 1976 (npoxoTHix) . 
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